In this publication we report the effects of cycles of light-dark and high-low temperature on SER of C. rubrum. The basic kinetics of pure photo-and thermoperiodic effects on SER are taken as a system of reference to study the interaction of light and temperature signals. The results are discussed in relation to current hypotheses ofthe nature of the biological clock and light perception in green plants (22, 23) .
for measuring growth kinetics with high enough precision and resolution.
With auxanometric methods using LVDT,2 it is now possible to measure continuously the kinetics in growth rate of green plants for h or even d under different environmental conditions (13, 14) . This technique has been used recently with Chenopodium rubrum to demonstrate a circadian rhythm in SER of internodes of green plants in constant conditions of light and temperature (15) . This plant, therefore, seemed particularly suited to study the interaction of light and temperature signals with the physiological clock.
In this publication we report the effects of cycles of light-dark and high-low temperature on SER of C. rubrum. The basic kinetics of pure photo-and thermoperiodic effects on SER are taken as a system of reference to study the interaction of light and temperature signals. The results are discussed in relation to current hypotheses ofthe nature of the biological clock and light perception in green plants (22, 23) .
In their natural environment, plants develop under photo-and thermoperiodic conditions which change with the seasons. Developmental and behavioral responses of plants clearly demonstrate their potential for measuring the duration and sequence of environmental conditions. It is now generally accepted that time measurement in eukaryotes depends on the interaction of an endogenous circadian rhythm or physiological clock with environmental signals (3) . The most important environmental signals or 'Zeitgeber' are the light and temperature regimes.
Since controlled environment facilities became available, the influence of light and temperature on growth and development of plants has been studied intensively (25) . From these early studies it became evident that a certain number of plants could not tolerate constant conditions ofillumination and temperature. The detrimental effect of constant conditions was particularly noticeable during vegetative development (9, 1 1). In the case of the vegetative development of tomatoes, it could be demonstrated that a light-dark cycle or a temperature cycle of a few degrees was necessary for normal growth. A light-dark cycle with lower temperature at night seemed to be optimal (24) . If Figure 2 where the transitions took 2 h. The changes in soil temperature were much slower than those for air and took about 3 h when the air was changing from 32 to 10°C and 5 h for a transition from 10 to 32°C. Even after equilibration the soil temperature was always 4°C lower than the air temperature, due to cooling by evaporation ofwater from the soil.
In some experiments this difference in the kinetics of temperature transition between soil and air were eliminated through temperature control of the water wetting the soil. Under (Fig. 2B) , SER was high at the high temperature and practically 0 during the low temperature treatment.
In normal photo-thermoperiodic cycles, 12L (32C)-12D (10C) (Fig. 2C) , SER was high during light at high temperature and low during darkness at low temperature. However, SER was not 0 in DIOC and after a minimum at the 2nd to 3rd h of darkness, SER increased to reach a maximum at the 7th h of darkness.
In inverse photo-thermoperiodic conditions, 12L (10C)-12D (32°C) (Fig. 2D) , SER was high during darkness at 32°C and almost 0 during the whole light span at 10°C in contrast to the SER at 10°C in darkness (Fig. 2C) .
B. Constant Conditions, LL (32°C) Figure 2 . Phase ofRhythm in SER. Irrespective of the preceding periodic conditions, SER always displayed a circadian rhythm in LL (32°C) with the same phasing and a first maximum around the 10th h oflight, a second maximum at the 31st h, and a third at the 54th h. The phasing of the rhythm after the dark-to-light transition at 32°C was essentially the same as the one already observed at 24°C (15) (dotted line, Fig. 2A ).
Amplitude ofRhythm in SER. The amplitude ofthe first peak (about 10 h) in SER after the transition to light at 32°C depended very much on the preceding periodic conditions. Clearly, the amplitude in SER depended only on the temperature preceding the transition, either in the light or in the dark. After a pretreatment at 32C in darkness, the first peak in SER at the 10th h had only about half the value of the subsequent ones (Fig. 2, A  and D) . However, after a pretreatment at 10°C either in darkness (Fig. 2C ) or in light (Fig. 2B) Figure 3 , after the first low temperature pulse i rate of C. rubrum in normal without additional temperature control of the soil, there is the lowed by 48 h of constant same kinetic in SER as in Figure 2C with a maximum at the 5th IUI, darkness at 10 and 32C, h of light. The second low temperature pulse during which the ')-12D (10°) -. LL (32°); the temperature of the soil received additional control by a thermolled during the second transi-stat, results again in a strong stimulation of SER as compared to first one (cf. Fig. 1 ). Broken a pure photoperiodic treatment 12D (32CQ-12L (32C) (dotted is only shown for LL (32°). line, Fig. 3 ). However, thermostating the soil obviously had no sly in both conditions.
influence on phase of the rhythm in SER. Figure 4 clearly demonstrate that 2h sufficient to induce a strong stimulation first maximum in SER after the dark-i effect was of the same order of magn darkness at 10°C (Fig. 2, B and C; Fig. 3 nor amplitude ofthe 2nd and 3rd maximi E. Effect of 12 h at 10°C during Con After interrupting continuous light at 2t he phasing of the rhythm in SER (Fig. 5 ] an interruption by 12 h of dark at 24°C about 10 h, as compared with controls ii 5B, dotted curve). However, the first peal to-light transition and after the 10 to 240( different in amplitude. Growth rate incr the low temperature than after the dark t F. Effect of 12 h at 18°C during Coi (Fig. 6) . As in the previous experiment treatment again rephased (12, 18) and continuous darkness (4, 7, 27 (Fig. 23 ). Membranes could also be the receptors for the temperature dditional thermostating effects ofcertain photoresponses such as photo-inhibition ofSER 10 to 32C. The results in C. rubrum. This view is supported by the observation of at low temperature are temperatfure-mediated changes in membrane fluidity and organof the amplitude of the ization in other systems (8, 17) . It seems likely that photorecepto-light transition. The tors, in particular phytochrome (16, 26) , involve interaction with itude as after 12 h of cellular membranes, although the primary mechanisms of signal }). Again, neither phase transduction are still unknown. The increase in amplitude ofthe am in SER was affected. rhythm in SER after thermal stimulation should therefore be itinuous Light at 24C. due to a decrease in sensitivity to light promoted by changes in 40C with 12 h at 10°C, interactions between photoreceptors and membrane receptor B) was the same as after sites (1, 19, 20) during the 10 h following the low temperature (Fig. 5A) "Introduction"). Experiments with variation of only one of the ntinuous Light at 320C two most important factors from the environment indicate light s, the low temperature inhibition (14) and low temperature inhibition of SER (2) 
